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Both polypyrrole (PPy) and polypyrrole coated copper thin ﬁlms were synthesized successfully via
two-step methods. PPy nanorods ﬁlms were ﬁrst grown chemically, and then PPy thin ﬁlms were fabri-
cated on glass substrates using dip-coating technique. The resulting ﬁlms were examined via various
characterization methods such as X-ray diffraction (XRD), scanning electron microscopy (SEM), Fourier
transform infrared spectroscopy (FT-IR) and Thermal Gravimetric Analysis (TGA). Gas sensor devices
were fabricated and the gas sensitivity for (PPy) coated copper was measured as a function of tempera-
ture for both O2 and CO2 gases. The maximum sensitivity for O2 gas was around 160% and the maximum
sensitivity for CO2 was 300%.
 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Nowadays, there is great interest in using sensing device to
improve the environmental and safety control/monitoring of CO2
and O2 gases. The development of efﬁcient devices for detection
of toxic gases present in the environment is an important challenge
in the ﬁeld of gas sensor development. However, most of the poly-
meric materials are ﬂammable and emit a large amount of smoke
while burning, which present considerable hazards to our life
and restrict their practical applications. Therefore, it is very impor-
tant to improve the ﬂame retardance and reduce the emissions of
smoke and poisonous gases in the applications of polymeric mate-
rials [1,2]. The recent developments in the ﬁeld of conducting poly-
mers promise future progress in certain areas of modern
technology such as sensors and biosensors, microelectronics,
chemical and biochemical engineering, as well as efﬁcient and
low cost solar cells, due to their remarkable electrical and mechan-
ical properties such as ﬂexibility and easy processability, low cost,
low operating temperature and so on [3–5]. Conducting polymers
such as polypyrrole, polyaniline and polythiophene, due to their
imprinting and templating ability, have been widely used for thedevelopment of highly selective sensors [6]. Many conducting
polymers have shown changes in resistivity on expose to different
gases and humidity. Amongst conducting polymers, (PPy) has been
one of the most studied because of its easy deposition from aque-
ous and non-aqueous media using either chemical or electrochem-
ical oxidation. An interesting example of application concerns
sensors where (PPy) ﬁlms are used as sensitive layer. So, (PPy)
has been used as active layer for gas sensors and it has been
demonstrated that (PPy) is a promising material for this applica-
tion. Indeed (PPy)-based gas sensors are interesting for environ-
mental pollution monitoring because, upon exposure to vapor,
the polymer shows rapid conductivity changes, which are gener-
ally reversible at room temperature. These characteristics are
interesting since most of the commercially-available sensors, usu-
ally based on metal oxides; work at high temperatures (300–
400 C). Further, PPy can be easily coated as thin adherent ﬁlms
on various metal or semiconductors substrates by electropolymer-
ization from aqueous or organic solvents. These structures are
highly sensitive to gases but they show a saturation effect at higher
concentration of gases [7].
It has long been speculated that metallic nanowire arrays could
found signiﬁcant application potential as sensory materials in fab-
ricating optical, gas, pH and biomedical sensors [8]. As one of the
most frequently used metallic materials in engineering the infras-
tructures, copper has its distinguished properties compared to
other metals based on its high electrical/thermal conductivity,
reactivity, and nature abundance [9]. Therefore, copper nanowire
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ascribing to the excellent electrochemical activity of the copper
substrate and the open interconnected network morphology. It
has been evident that copper nanowires could be utilized as highly
sensitive giant magnetoresistance (GMR) sensor for testing the
GMR of the electronics [10]. Polypyrrole coating seems to be a
promising route to accomplish this task, based on its high protect-
ing performance, good stability, and ease of implementation. It’s
speculated that when being coated with polypyrrole, the environ-
mental stability of the copper nanowire beneath could be
enhanced substantially; distinct electrochemical properties could
also be expected from the interfacial charge transfer interaction
between the conducting coating material and substrate.
2. Experimental
2.1. Preparation of polypyrrole coated copper nano-wires
The chemicals used in the synthesis of polypyrrole include pyr-
role (C4H5N) as a monomer, anhydrous copper(II) chloride (CuCl2),
sodium hydroxide (NaOH 98%) as an oxidizing agent, acetone and
deionized water. In a typical synthesis process, 1.0 ml of 0.1 M
CuCl2 is slowly added into 30 ml of 7 M of NaOH solution under
magnetic stirring. 10 min stirring is allowed to obtain a homoge-
neous blue solution. Afterwards, 0.5 mL of pyrrole is injected into
the solution in a slowmanner, the color of the solution turned from
deep blue to yellowish brown rapidly after the pyrrole injection.
The mixture solution is allowed to stirring for 30 min at 60 C.
The mixture solution is then allowed to undergo the thermal
reduction process for 1 h at 60 C, and the color of the reaction
solution is gradually transformed from dark brown to light yellow.
The mixture solution was centrifuged after reaction, at 15,000 rpm
for 10 min in order to separate the solid products from the solu-
tion. The obtained solid products washed using distilled water
and centrifuged several times.
2.2. Fabrication of solid state semiconductor gas sensors and ﬁlms
The glass substrates are ultrasonically cleaned in acetone for
15 min, and then rinsed several times with deionized water. TheFig. 1. XRD pattern of the syntglass substrates are put in the solution at the same time of the
starting of the experimental steps previously, and then the ﬁlm
is allowed to dry in air. Finally, Pt contact electrodes were depos-
ited on polypyrrole nanowires thin ﬁlms using a sputtering
machine (P = 100W RF, t = 5 min). The ratio of change in the resis-
tance (response, S) of sensing materials under a certain gas level
relative to the resistance in the absence of gas was deﬁned as:
S ¼ Ra=Rg  100 ð1Þ
where Ra and Rg express the resistance of the sensor in air and in
tested gas, respectively.
2.3. Characterization of polypyrrole coated copper nanowires and solid
state thin ﬁlms
The physical properties of the polypyrrole nanowires either
nanopowders or thin ﬁlms were characterized using different tech-
niques. X-ray diffraction patterns of the nanopowders were
obtained using Schimadzu 7000 Diffractometer operating with
Cu Ka1 radiation (k = 0.15406 nm) generated at 30 kV and 30 mA
with scan rate of 2o min1 for 2h values between 20 and 80.
Polypyrrole nanopowders used for the realization of gas sensor
device (ZnO ﬁlm, heater and two Pt electrodes) were investigated
by scanning electron microscopy (SEM) (JEOL JSM 6360 LA,
Japan). The FT-IR spectrums of the prepared polypyrrole nanowires
were measured using Shimadzu FT-IR-8400 S, Japan over the wave
length range 400–4000 cm1. The thermal stability of polypyrrole
nanowires prepared using different percentages of (TEA) was eval-
uated by thermogravimetric analysis (TGA) using
Thermogravimetric Analyzer (Shimadzu TGA – 50 H, Japan).
3. Results and discussion
3.1. Characteristics of polypyrrole coated copper
3.1.1. X-ray diffraction (XRD)
The crystallite characteristics of the as-synthesized PPy coated
copper nanowires are subject to analyze with the X-ray diffrac-
tometer. The as-obtained XRD pattern could be shown as Fig. 1.
Three diffraction peaks; (111) at 2h = 43.3472, (200) athesized PPy–Cu nanowire.
Fig. 2. SEM image of the as-synthesized PPy–Cu nanowires.
52 H. Shokry Hassan et al. / Sensing and Bio-Sensing Research 5 (2015) 50–542h = 50.4754 and (220) at 2h = 74.1656 could be observed clearly
from the XRD pattern, which could be indexed to the diffraction
of crystal planes of face-centered cubic (fcc) Cu. All the diffraction
peaks agrees well with those given in relevant XRD database
(JCPDS card No. 01-072-0140). The lattice constant of this crys-
talline phase could be calculated from the XRD pattern as
a = 3.618 Å, which is very close to the standard value a = 3.615.
No characteristic diffraction peak around 2h = 36.5 Å correspond-
ing to the formation of surface oxidized Cu2O layer could be seen
from the XRD pattern of the as-synthesized PPy coated copper
nanowires [11].
3.1.2. Scanning electron microscopy (SEM)
The inﬂuence of Cu-coated on the morphology of PPy–Cu is pre-
sented in Fig. 2. The nanowires shown have a diameter around
70 nm and lengths reaches up to 1.5 lm, which shows an aspect
ratio around 21. The surfaces of the as-obtained nanowires are
roughly coated with an amorphous layer, which could be ascribed
to the PPy coating.
3.1.3. Thermal characterization (TGA)
The TGA graph regarding the thermal properties of the
as-synthesized PPy–Cu nanowires was shown in Fig. 3. It couldFig. 3. TGA thermogramsbe observed that, a clear down wave of the TGA graph below at
95 C, and a weight loss around 4.5% was obtained. This weight loss
of the material could be possibly attributed to the degradation of
the PPy coating layer, as the thermal stability of PPy remains poor
within this range whereas the copper substrate underneath
behaves relative high thermal stability under this range.
Nevertheless, a weight gain of 15% for the PPy–Cu nanowires start-
ing from the temperature around 160 C, and end at around 510 C.
This signiﬁcant weight gain could be ascribed to the surface oxide
formation process of the copper nanowires. As their surface coating
layer of PPy continuous degraded and exposed the copper sub-
strate to surface oxidation in air [12].3.1.4. Fourier transform infrared spectroscopy (FT-IR)
The chemical structure of PPy was conﬁrmed by using FT-IR
spectroscopy. Fig. 4 shows typical FT-IR spectrum of the PPy–Cu
was recorded in the range of 400–4000 cm1. The PPy spectrum
shows characteristic peaks at 627 cm1, 1352 cm1, 1554 cm1
and 3437 cm1 is attributed to C–H wagging [13]. The @C–H in
plane deformation vibration was observed at @C–H in plane vibra-
tion observed at 1352 cm1. The characteristics peak for PPy is
observed 1563 cm1 attributed to vibration of PPy ring and ring
stretching mode of pyrrole ring. The broad peak appeared at
3437 cm1 could be related to the stretching of N–H and C–H
bonds [14]. These different characteristic peak assignments
observed in FT-IR spectrum conﬁrms the formation of polypyrrole
[15].3.2. Gas sensing performance for PPy–Cu nanowires
In order to evaluate the response behavior of the PPy–Cu as the
sensing material, the polymeric ﬁlms have been exposed to O2 and
CO2 gases, each with a ﬁxed concentration of 100 ppm. The pre-
pared PPy–Cu gas sensor was put in a steel chamber with dimen-
sion of 20 cm  20 cm  20 cm. Temperature of the sensor and
chamber is regulated by a thermistor and temperature control cir-
cuit. Fig. 5 shows the gas sensitivity of the gas sensing ﬁlms (PPy–
Cu nanowires) as a function of temperature for O2. The sensitivityof PPy–Cu nanowires.
Fig. 4. FT-IR spectra of PPy–Cu nanowires.
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Fig. 5. Sensitivity of PPy–Cu nanowires gas sensor measured as a function of temperature for O2.
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increasing working temperature; reach a maximum value from
80% to 160%.
For CO2 gas, it can be observed, from the respective depen-
dences that, the sensitivity increases till reach a maximum value
35 C (which considered low working temperature) and then falls
with further increase in operating temperature (Fig. 6). The higher
response towards O2 and CO2 can be explained on the basis of dif-
ferent interactions between sensing ﬁlm and adsorbed gas.
Polypyrrole is a p-type material and when it interacts withoxidizing gas like O2 and CO2, there is an increase in charge carrier
concentration, since O2 and CO2 gas is electron accepting in nature.
Hence it increases the conductivity of the material [16]. The sensor
exhibited an excellent selectivity towards CO2 and O2. The absence
of response to O2 is attributed to the highly doped state of the PPy–
Cu and therefore the inability for an electron acceptor like O2 to
extract further electrons from the backbone. Polypyrrole-based
gas sensors are reported to be sensitive to humidity with as much
as 75% decrease in response resulting from a 5% increase in relative
humidity [17].
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Fig. 6. Sensitivity of PPy–Cu nanowires gas sensor measured as a function of temperature for CO2.
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O2 and CO2 gas sensor based on PPy–Cu thin ﬁlm was fabricated
successfully dip-coating technique. The structure and morphology
of the PPy–Cu ﬁlms is conﬁrmed by using XRD, SEM, TGA, FT-IR,
techniques. All XRD patterns for PPy–Cu deal with XRD reference.
The morphological structure of PPy–Cu presented in SEM images.
All function groups of the synthesized PPy–Cu was obtained and
explained by FT-IR. PPy–Cu thin ﬁlm was found to be highly sensi-
tive to O2 and CO2 gases at room temperature. The higher gas sen-
sitivity was about 300% for CO2, and 160% for O2 gas.
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